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(57) A tilt detection apparatus capable of detecting 
the tilt of the optical disk, provided with a laser (4) for 
outputting a laser beam, a diffraction grating (9) for dif- 
fracting the laser beam from said laser to generate a 0th 
order diffraction beam and -f— first order diffraction 
beams which have the phase distribution equal to the 
phase distribution due to the wave front aberration gen- 
erated on an optical disk when the optical disk is tilted, 



an objective lens (2) for collecting said diffraction beams 
and exposing the beams to the optical disk, a photode- 
tector (8) for generating signals corresponding to said 
+-first order diffraction beams reflected at said optical 
disk, a signal generation circuit for generating the push- 
pull signals based on the generated signals, and a tilt 
detection circuit for detecting the tilt of the optical disk 
ba sed on the push-pull signals. ~ - 
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Description 

BACKGROUND OF THE INVENTION 

5 1. Field of the Invention 

[0001] The present invention relates to an optical pickup for exposing a laser beam passed through a diffraction 
grating to an optical disk, a tilt detection apparatus, a tilt detection method for detecting a tilt of the optical disk, and 
an optical disk apparatus. 

10 

2. Description of the Related Art 

[0002] In the optical disk apparatus, when a tilt exists on the optical disk, the deterioration of the signal quality of a 
recording signal and/or a reproducing signal of the optical disk may be occurred. For correcting the tilt of the optical 

is disk, it is necessary to detect the tilt of the optical disk and generate a signal in response to the tilt. 

[0003] An invention of an optical pickup is disclosed in Japanese Unexamined Patent Publication (Kokai) No, 
9-128785. In this Publication, in an optical pickup comprising a laser beam source, an objective lens and an aberration 
correction use liquid crystal panel, It is disclosed to change the refractive Index of the liquid crystal panel in response 
to the thickness or the tilting angle of the liquid crystal panel. 

20 [0004] Further, It Is disclosed that a tilt sensor detects the tilting angle and a liquid crystal panel control circuit drives 
the liquid crystal panel to change the refractive index based on the tilting angle. 

[0005] In the optical pickup of said Publication No. 9-1 28785, the position for arranging the tilt sensor is restricted, 
and, in the optical disk, a point to which the laser beam is exposed is different from a point where the tilt sensor detects 
the tiit, and thus it is difficult to detect the tilt of the optical disk precisely. 

25 

SUMMARY OF THE INVENTION 

[0006] An object of the present invention is to provide a tilt detection apparatus and a tilt detection method capable 
of detecting a tilt of an optical disk. 
30 [0007] Further, another object of the present invention is to provide an optical pickup applicable in said tilt detection 
apparatus. 

[0008] Further, still another object of the present invention is to provide an optical disk apparatus. 

[0009] A first optical pickup according to the present invention comprises a laser for outputting a laser beam; a 

diffraction grating for diffracting the laser beam from said laser to generate a 0th order diffraction beam and -i— first order 

35 diffraction beams; an objective lens for collecting said 0th order diffraction beam and said +-f irst order diffraction beams 
and exposing the beams to an optical disk on which track guide grooves are formed; and a photodetector for generating 
signals in response to said +-first order diffraction beams reflected at said optical disk, and each of said +-first order 
diffraction beams exposed to said optical disk has the phase distribution equal to or substantially equal to the phase 
distribution due to the wave front aberration generated on said optical disk when said optical disk is tilted, and said 

*o photodetector comprises light receiving portions for receiving each of said +-first order diffraction beams reflected at 
said optical disk, and each of said light receiving portions is divided in the direction in response to the track direction 
on said optical disk. 

[0010] In the first optical pickup according to the present invention, preferably, said objective lens collects said 0th 
order diffraction beam and exposes it to the track of said optical disk, and a distance from the center part of the optical 
45 spot of said Oth order diffraction beam to the center part of the optical spots of said first order diffraction beams in 
the disk radial direction is, where n is an integer of 0 or more, equal to or approximately equal to a (n/2 + 1/4) times of 
the pitch of said track or said track guide groove. 

[0011] In the first optical pickup according to the present invention, preferably, said phase distribution of one of said 
+-first order diffraction beams is a phase distribution generated when the tilting angle of said optical disk is a positive 
so constant angle, and said phase distribution of another of said +-first order diffraction beams is a phase distribution 
generated when the tilting angle of said optical disk is a negative constant angle. 

[0012] In the first optical pickup according to the present invention, preferably, it further comprises an actuator for 
moving said objective lens in the disk radial direction in response to an eccentricity of said optical disk, and a position 
sensor for detecting the quantity of movement or the quantity of change of said objective lens. 
55 [0013] A second optical pickup according to the present invention comprises a laser for outputting a laser beam, a 
first diffraction grating for diffracting the laser beam from said laser to generate a main laser beam including a Oth order 
diffraction beam and first and second sub laser beams including one of -i— first order diffraction beams, a second dif- 
fraction grating for diffracting said main laser beam to generate a main laser diffraction beam including a Oth order 
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diffraction beam and third and forth sub laser diffraction beams including one of -i— first order diffraction beams and 
diffracting said first and second sub laser beams to generate first and second sub laser diffraction beams including a 
Oth order diffraction beam, an objective lens for collecting said main laser diffraction beams and said first to forth sub 
laser diffraction beams and exposing the beams to an optical disk on which track guide grooves are formed, and a 
5 photodetector for generating signals in response to said main laser diffraction beams and said first to forth sub laser 
diffraction beams reflected at said optical disk, and each of said first and second sub laser diffraction beams exposed 
to said optical disk has the phase distribution equal to or substantially equal to the phase distribution due to the wave 
front aberration generated on said optical disk when said optical disk is tilted. 

[0014] In the second optical pickup according to the present invention, preferably, said objective lens collects said 
10 main laser diffraction beam and exposes it to the track of said optical disk, and a distance from the center part of the 
optical spot of said main laser diffraction beam to the center part of the optical spots of said first and second sub laser 
diffraction beams in the disk radial direction is, where n is an integer of 0 or more, equal to or approximately equal to 
a (n/2 + 1/4) times of the pitch of said track or said track guide groove. 

[0015] In the second optical pickup according to the present invention, preferably, a distance from the center part of 
15 the optical spot of said main laser diffraction beam to the center part of the optical spots of said third and forth sub 
laser diffraction beams in the disk radial direction is, when m is an integer of 0 or more, equal to or approximately equal 
to a (m + 1 / 2) times of the pitch of said track or said track guide groove. 

[0016] In the second optical pickup according to the present invention, preferably, said phase distribution of one of 
said first or second sub laser diffraction beams is a phase distribution generated when the tilting angle of said optical 

20 disk is a positive constant angle, and said phase distribution of another of said first or second sub laser diffraction 
beams is a phase distribution generated when the tilting angle of said optical disk is a negative constant angle. 
[0017] In the second optical pickup according to the present invention, preferably, said photodetector comprises light 
receiving portions for receiving each of said main laser diffraction beam and said first to forth sub laser diffraction 
beams reflected at said optical disk, and each of said light receiving portions is divided in the direction in response to 

25 the track direction on said optical disk 

[001 8] In the second optica) pickup according to the present invention, for example, it may be made the configuration 
which said wave front aberration is the coma aberration generated at a transparency substrate of said optical disk. 
[0019] A first tilt detection apparatus according to the present invention comprises a laser for outputting a laser beam, 
a diffraction grating for diffract the laser beam from said laser to generate a Oth order diffraction beam and -i— first order 

3o diffraction beams, an objective lens for collecting said Oth order diffraction beam and -h- first order diffraction beams 
and exposing the beams to the optical disk on which track guide grooves are formed, a generating circuit for generating 
push-pull signals of said + -first order diffraction beams reflected at said optical disk, and a detection circuit for detecting 
a tilt of said optical disk based on the sum of the push-pull signals of said -i— first order diffraction beams, and each of 
said -H- first order diffraction beams exposed to said optical disk has the phase distribution equal to or substantially 

35 equal to the phase distribution due to the wave front aberration generated on said optical disk when said optical disk 
is tilted. 

[0020] In the first tilt detection apparatus according to the present invention, preferably, said objective lens collects 
said Oth order diffraction beam and exposes it to the track of said optical disk, and a distance from the center part of 
the optical spot of said Oth order diffraction beam to the center part of the optical spots of said +- first order diffraction 
40 beams in the disk radial direction is, where n is an integer of 0 or more, equal to or approximately equal to a (n/2 + 
1/4) times of the pitch of said track or said track guide groove. 

[0021] In the first tilt detection apparatus according to the present invention, preferably, said phase distribution of 
one of said +-first order diffraction beams is a phase distribution generated when the tilting angle of said optical disk 
is a positive constant angle, and said phase distribution of another of said +-first order diffraction beams is a phase 

4 5 distribution generated when the tilting angle of said optical disk is a negative constant angle. 

[0022] In the first tilt detection apparatus according to the present invention, preferably, it further comprises a pho- 
todetector, said photodetector comprises light receiving portions for receiving each of said +-first order diffraction beams 
reflected at said optical disk, and each of said light receiving portions is divided in the direction in response to the track 
direction on said optical disk, and said generating circuit generates the push-pull signals of said +-first order diffraction 

so beams based on the output signals from said light receiving portions of said photodetector. 

[0023] In the first tilt detection apparatus according to the present invention, preferably, it further comprises an ac- 
tuator for moving said objective lens in the disk radial direction in response to an eccentricity of said optical disk, and 
a position sensor for detecting the quantity of movement or the quantity of change of said objective lens, and said 
detection circuit generates an eccentricity signal in response to the eccentricity of said optical disk based on said 

55 quantity of movement or the quantity of change detected by said position sensor and detecting a tilt of said optical disk 
based on the deference between the sum of the push-pull signals of said +-first order diffraction beams and said 
eccentricity signal. 

[0024] A second tilt detection apparatus according to the present invention comprises a laser for outputting a laser 
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beam, a first diffraction grating for diffracting the laser beam from said laser to generate a main laser beam including 
a Oth order diffraction beam and first and second sub laser beams including one of +-first order diffraction beams, a 
second diffraction grating for diffracting said main laser beam to generate a main laser diffraction beam including a Oth 
order diffraction beam and third and forth sub laser diffraction beams including one of +-first order diffraction beams 

5 and diffracting said first and second sub laser beams to generate first and second sub laser diffraction beams including 
a Oth order diffraction beam, an objective lens for collecting said main laser diffraction beam and said first to forth sub 
laser diffraction beams and exposing the beams to an optical disk on which track guide grooves are formed, a generating 
circuit for generating push-pull signals of said main laser diffraction beam and said first to forth sub laser diffraction 
beams reflected at said optical disk, and a detection circuit for generating an eccentricity signal in response to the 

10 eccentricity of said optical disk based on the push-pull signals of said main laser diffraction beam and said third and 
forth sub laser diffraction beams and detecting a tilt of said optical disk based on the deference between the sum of 
the push-pull signals of said first and second sub laser diffraction beams and said eccentricity signal, and each of said 
first and second sub laser diffraction beams exposed to said optical disk has the phase distribution equal to or sub- 
stantially equal to the phase distribution due to the wave front aberration generated on said optical disk when said 

15 optical disk is tilted. 

[0025] In the second tilt detection apparatus according to the present invention, preferably, said objective lens collects 
said main laser diffraction beam and exposes it to the track of said optical disk, and a distance from the center part of 
the optical spot of said main laser diffraction beam to the center part of the optical spots of said first and second sub 
laser diffraction beams in the disk radial direction is, where n is an integer of 0 or more, equal to or approximately equal 

20 to a (n/2 + 1/4) times of the pitch of said track or said track guide groove. 

[0026] In the second tilt detection apparatus according to the present invention, further preferably, a distance from 
the center part of the optical spot of said main laser diffraction beam to the center part of the optical spots of said third 
and forth sub laser diffraction beams in the disk radial direction is, when m is an integer of 0 or more, equal to or 
approximately equal to a (m + V£) times of the pitch of said track or said track guide groove. 

25 [0027] In the second tilt detection apparatus according to the present invention, preferably, said phase distribution 
of one of said first or second sub laser diffraction beams is a phase distribution generated when the tilting angle of said 
optical disk is a positive constant angle, and said phase distribution of another of said first or secon d sub laser diffraction 
beams is a phase distribution generated when the tilting angle of said optical disk is a negative constant angle. 
[0028] In the second tilt detection apparatus according to the present invention, preferably, it further comprises a 

30 photodetector, and said photodetector comprises light receiving portions for receiving each of said main laser diffraction 
beams and said first to forth sub laser diffraction beams reflected at said optical disk, and each of said light receiving 
portions is divided in the direction in response to the track direction on said optical disk, and said generating circuit 
generates the push-pull signals of said main laser diffraction beam and said first to forth sub laser diffraction beams 
based on the output signals from said light receiving portions of said photodetector. 

35 [0029] A first tilt detection method according to the present invention comprises the steps of diffracting a laser beam 
to generate a Oth order diffraction beam and +-first order diffraction beams and exposing said generated Oth order 
diffraction beam and ■+-- first order diffraction beams to an optical disk on which the track guide grooves are formed, 
generating push-pull signals of said +-first order diffraction beams reflected at said optical disk, and detecting the tilt 
of said optical disk based on the sum of the push-pull signals of said +-first order diffraction beams, and each of said 

to -4— first order diffraction beams reflected at said optical disk has the phase distribution equal to or substantially equal to 
the phase distribution due to the wave front aberration generated on said optical disk when said optical disk is tilted. 
[0030] In the first tilt detection method according to the present invention, preferably, said exposing step has the 
steps of collecting said Oth order diffraction beam and +-first order diffraction beams and exposing said Oth order 
diffraction beam to the track of said optical disk, and a distance from the center part of the optical spot of said Oth order 

45 diffraction beam to the center part of the optical spots of said +-first order diffraction beams in the disk radial direction 
is, where n is an integer of 0 or more, equal to or approximately equal to a (n/2 + 1/4) times of the pitch of said track 
or said track guide groove. 

[0031] In the first tilt detection method according to the present invention, preferably, said phase distribution of one 
of said -I— first order diffraction beams is a phase distribution generated when the tilting angle of said optical disk is a 
50 positive constant angle, and said phase distribution of another of said h— first order diffraction beams is a phase distri- 
bution generated when the tilting angle of said optical disk is a negative constant angle, 

[0032] In the first tilt detection method according to the present invention, preferably, ut further comprises the step 
of generating an eccentricity signal in response to the eccentricity of said optical disk, and said detecting step has a 
step of detecting the tilt of said optical disk based on the difference between the sum of the push-pull signals of said 
55 +-first order diffraction beams and said eccentricity signal. 

[0033] A second tilt detection method according to the present invention comprises the steps of diffracting the laser 
beam to generate a main laser beam including a Oth order diffraction beam and first and second sub laser beams 
including one of +-first order diffraction beams, diffracting said main laser beam to generate a main laser diffraction 
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beam including a Oth order diffraction beam and third and forth sub laser diffraction beams including one of +-first order 
diffraction beams and diffracting said first and second sub laser beams to generate first and second sub laser diffraction 
beams including a Oth order diffraction beam, exposing said main laser diffraction beam and said first to forth sub laser 
diffraction beams to an optical disk on which track guide grooves are formed, generating push-pull signals of said main 

5 laser diffraction beam and said first to forth sub laser diffraction beams reflected at said optical disk, and generating 
an eccentricity signal in response to the eccentricity of said optical disk based on the push-pull signals of said main 
laser diffraction beam and said third and forth sub laser diffraction beams and detecting a tilt of said optical disk based 
on the deference between the sum of the push-pull signals of said first and second sub laser diffraction beams and 
said center eccentricity signal, and each of said first and second sub laser diffraction beams exposed to said optical 

10 disk has the phase distribution equal to or substantially equal to the phase distribution due to the wave front aberration 
generated on said optical disk when said optical disk is tilted. 

[0034] In the second tilt detection method according to the present invention, preferably, said exposing step has a 
step of collecting said main laser diffraction beam and said first to forth sub laser diffraction beams and exposing said 
main laser diffraction beam to the track of said optical disk, and a distance from the center part of the optical spot of 
15 said main laser diffraction beam to the center part of the optical spots of said first and second sub laser diffraction 
beams in the disk radial direction is, where n is an integer of 0 or more, equal to or approximately equal to a (n/2 + 
1/4) times of the pitch of said track or said track guide groove. 

[0035] In the second tilt detection method according to the present invention, further preferably, a distance from the 
center part of the optical spot of said main laser diffraction beam to the center part of the optical spots of said third and 
20 forth sub laser diffraction beams in the disk radial direction is, when m is an integer of 0 or more, equal to or approxi- 
mately equal to a (m + 1 / 2) times of the pitch of said track or said track guide groove. 

[0036] In the second tilt detection method according to the present invention, preferably, said phase distribution of 
one of said first or second sub laser diffraction beams is a phase distribution generated when the tilting angle of said 
optical disk is a positive constant angle, and said phase distribution of another of said first or second sub laser diffraction 

25 beams is a phase distribution generated when the tilting angle of said optical disk is a negative constant angle. 

[0037] An optical disk apparatus according to the present invention comprises an optica! pickup for diffracting a laser 
beam from a laser, generating a 0 order diffraction beam and +- first order diffraction beams having the phase distribution 
equal to or approximately equal to the phase distribution due to the wave front aberration of an optical disk when the 
optical disk is tilted, exposing the 0 order diffraction beam and +-first order diffraction beams to the optical disk, and 

30 receiving reflected beams of said exposed beams from the optical disk to generate signals in response to each of the 
reflected signals, a signal generation circuit for generating push-pull signals of said received reflected beams of at 
least said +-first order diffraction beams, a tilt detection circuit for detecting the tilt of the optical disk based on the sum 
of said generated push-pull signals of said +-first order diffraction beams, and a tilt correction portion for correcting the 
tilt of the optical disk in response to said detected tilt. 

35 [0038] In the first tilt detection apparatus according to the present invention mentioned above, the +-primary diffraction 
beams generated by the diffraction grating have a phase distribution equal to or nearly equal to the phase distribution 
due to the wave front aberration generated on the optical disk while the optical disk has a tilt. 

[0039] By said phase distribution, the push-pull signal of one of the +-primary diffraction beams becomes the max- 
imum value at the certain tilt angle(e) and the push-pull signal of another of the +-primary diffraction beams becomes 
40 the minimum value at the certain tilt angle(-e). By obtaining an additional signal as the result of addition of the push- 
pull signals of the ^-primary diffraction beams, the value of the additional signal can be made 0 while the tilt angle of 
the optical disk is 0° and the symmetrical additional signal corresponding to the positive and negative tilt angles can 
be obtained, so that the tilt angle is detectable by the additional signal. 

[0040] In the second tilt detection apparatus according to the present invention mentioned above, the first and second 
45 sub laser diffraction beams generated by the first and second diffraction gratings have a phase distribution equal to or 
substantially equal to the phase distribution due to the wave front aberration generated on the optical disk while the 
optical disk has a tilt, 

[0041] By said phase distribution, the push-pull signal of one of the first and second sub laser diffraction beams 
becomes the maximum value at the certain tilt angle (8) and the push-pull signal of another of the first and second sub 
so laser diffraction beams becomes the minimum value at the certain tilt angle(-9) . By obtaining an additional signal as 
the result of addition of the push-pull signals of the first and second additional beams, the value of the additional signal 
can be made 0 while the tilt angle of the optica! disk is 0° and the symmetrical additional signal corresponding to the 
positive and negative tilt angles can be obtained, so that the tilt angle is detectable by the additional signal. 

55 BRIEF DESCRIPTION OF THE DRAWINGS 

[0042] These and other objects and features of the present invention will become more clearer from the following 
description of the preferred embodiments with reference to the accompanying drawings, in which: 
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Figures 1 A and 1 B are views for explaining the relationship between the light intensity and the position of the light 
spot formed on the optical disk as an example; 

Figure 2 is a view of the characteristics showing the relationship between the tilting angle in the disk radial direction 
and the sum of the push-pull signals of the +-first order diffraction beams; 
5 Figure 3 is a view for explaining the interference fringes calculated using the computer hologram technology as 

an example; 

Figures 4A and 4B are views of the configuration of the diffraction grating formed the interference fringes shown 
in Fig. 3 as an example; 

Figure 5 is a schematic view of the configuration of the optical pickup comprising the diffraction grating shown in 
10 Figs. 4A and 4B; 

Figure 6 is a schematic view of the configuration of the light receiving portion of the photodetector shown in Fig. 5; 
Figure 7 is a view for explaining the arrangement of the light spots on the recording plane of the optical disk; 
Figure 8 is a view for explaining the relationship between the tilt error signal TS and the tilting angle, especially 
when the tracking error is not exist (on track state); 
15 Figure 9 is a view for explaining the relationship between the tilt error signal TS and the tilting angle when both 

the cases the tracking error is exist (detrack state) and is not exist (on track state) ; 

Figure 10 Is a block diagram showing an embodiment of the optical disk apparatus comprising the optical pickup 
shown in Fig. 5; 

Figure 1 1 is a flow-chart showing the detection method for detecting the tilt in the radial direction of the optical disk 
20 in the tilt detection apparatus of the optical disk apparatus; 

Figure 12 is a view of the configuration of the optical pickup formed by adding the diffraction grating to the optical 
pickup; 

Figure 13 is a view of the configuration of the light receiving portion of the photodetector shown In Fig. 12; 
Figure 14 is a view for explaining the arrangement of the light spots on the recording plane of the optical disk; 
25 Figure 15 is a view for explaining the relationship between the tilt error signal TS and the tilting angle when both 

the cases the tracking error is exist (detrack state) and is not exist (on track state) ; 

Figure 1 6 is a block diagram showing the configuration of an embodiment of the optical disk apparatus comprising 
the optical pickup shown in Fig. 12; and 

Figure 17 is a flow-chart showing n the detection method for detecting the tilt in the radial direction of the optical 
30 disk in the tilt detection apparatus of the optical disk apparatus shown in Fig. 16. 



DESCRIPTION OF THE PREFERRED EMBODIMENTS 



[0043] Preferred embodiments of the present invention will be explained with reference to the attached drawings. 
35 [0044] An optical disk apparatus generally comprises an optical pickup, collects a laser beam outputted from the 
semiconductor laser inside the optical pickup, and exposes it to the optical disk. 

[0045] Fig. 1A and 1 B are views for explaining the relationship between the light intensity and the position of the light 
spots formed on the optical disk as an example- Fig. 1 A is a view for showing the relationship between the light intensity 
and the position when the optical disk is not tilted (on track state) as an example. Fig. 1B is a view for explaining the 
*o relationship between the light intensity and the position when the optical disk is tilted as an example. 

[0046] When the optical disk is tilted (inclined), the intensity of the center of the light spots becomes lower and the 
siderobe appears in the tilting direction. Further, due to the lowering or the intensity of the center of the light spot, the 
amplitude of the reproducing signal in response to the quantity of the reflected light is decreased, and thus the quality 
of the signal may deteriorates. 

45 [0047] This is because, when the laser beam strikes a transparency substrate (disk substrate) of the tilted optical 
disk, the laser beam passed through the transparency substrate to the recording plane is effected, the spatial phase 
distribution, for example the phase distribution due to the wave front aberration, and the collecting performance of the 
light spot formed on the recording surface becomes lower. 

[0048] When the phase distribution corresponding to the tilting angle 0 is given to one laser beam in advance, the 
so phase distribution corresponding to the tilting angle -6 is given to another laser beam in advance, and both the laser 

beams having equal light intensities, the reproduced push-pull signals obtained from each of the laser beams are 

shown by the characteristic curves A and B in Fig. 2. Then, by adding the both reproducing push-pull signals to generate 

the sum signal, the characteristic curve becomes (A+B), so that the tilt error signal in response to the tilts (or the tilting 

angle) of positive and negative can be obtained. 
55 [0049] In the present embodiment, to detect a tilt of an optical disk, the phase distribution equal to or approximately 

equal to the phase distribution generated due to the tilt of the disk substrate in the disk radial direction is added to the 

laser beam by using the diffraction grating before the striking it to the optical disk. 

[0050] In the optical pickup of the related art, the 0th order diffraction beam and the +-first order diffraction beams, 
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generated by the laser beam passed through the diffraction grating, have a homogeneous or substantially homogene- 
ous phase distribution in a propagation direction. The Oth order diffraction beam and the +-first order diffraction beams 
pass through the objective lens to form one main light spot and two sub light spots on the optical disk at the same time. 
[0051] On the other hand, by forming the diffraction grating the specific pattern, the Oth order diffraction beam may 

5 have the homogeneous phase and the 4--first order diffraction beams may be given the spatial phase distributions 
generated when they pass through the disk substrate tilting in positive direction and negative direction. 
[0052] As the result, passing through the objective lens, one main light spot when the optical disk is not tilted and 
two sub light spots equal to or substantially equal to the case the positive and negative tilts exist, may be formed on 
the optical disk at the same time. 

w [0053] Here, by applying the computer hologram technology, the interference fringes formed on a screen by the laser 
beam striking the screen in a right angle and having a homogeneous phase distribution and laser beams striking the 
screen with the predetermined angle and direction to the above laser beam having the homogeneous phase distribution 
and having spatial phase distributions generated when they pass through the disk substrate tilting in positive direction 
or negative direction, can be obtained found by a computer. 

15 [0054] Note that, the angle and direction of the two laser beams are matched to the angle and direction of the Oth 
order diffraction beam and the +-first order diffraction beams after passing through the diffraction grating in the case 
that the diffraction grating is mounted on the optical pickup. 

[0055] First, the phase distribution of the laser beam passing through the tilted disk substrate is defined by the 
equations. The description by polynomial development of the wave front aberration is used for defining the equations. 
20 [0056] By the polynomial development of the wave front aberration, the coma aberration is major part of the wave 
front aberration generated by the tilting transparency substrate. 

[0057] When this coma aberration Wc is expressed by the following equation (1), where x is a position in the disk 
radial direction, and an orthogonal coordinate (x,y) standardized (normalized) by the aperture radius on the aperture 
plane of the objective lens. 

25 

Wc(x,y)= 

2nW u x + 2rcW 31 x (x 2 +y 2 ) + 2*W 51 x (x 2 +y 2 ) 2 (1) 

30 

[0058] In the above equation (1 ), W 11 is a wave front coefficient for determining the position of the light spot formed 
on the optical disk, and since it doesn't influence the shape of the light spot, any value can be chosen. 
[0059] Further, W 31 and W 51 are coma aberration coefficients W 31 (X) and W 51 (X) standardized (normalized) by the 
laser beam wavelength X, and each of them is shown in the following equations (2) and (3). 

35 

W 31 {X) = { (n 2 -1 ) n 2 tNA 3 sin0cose} / {2X (n 2 -sin 2 9) 9/2 } (2) 

40 W 51 (X) = { (n 2 -1) n 2 tNA 5 (n 4 +3n 2 cos 2 e-5n 2 sin 2 e+4sin 2 e-sin 4 9) 

sinOcosO} / {&X (n 2 -sin 2 6) 9/2 } (3) 

[0060] In the above equations (2) and (3), NA is a numerical aperture of the objective lens, X is a wavelength of the 
45 laser beam from the light source, n is the reflective index of the disk substrate, t is the thickness of the disk substrate, 
and 0 is the tilting angle indicating the tilt of the disk substrate. The material of the disk substrate is, for example, the 
polycarbonate and its reflective index is about 1 .5. 

[0061] To the laser beam having the homogeneous phase distribution, the phase distribution Wd of the laser beam 
striking with the tilt of direction p and the angle a to the laser beam having the homogeneous phase distribution is 
50 expressed by the equation (4), where x is a position in the disk radial direction and the orthogonal coordinate (x,y) 
standardized (normalized) by the aperture radius r on the aperture plane of the objective lens. Note, the tilt direction 
P is 0 degree in a radial direction (or x direction) and 90 degree in a track direction. 

55 Wd(x ,y)={2rc r(xcos p +ysi n p )s in a}/X (4) 

[0062] Under the above conditions, the interference fringes appeared by the laser beam having the phase distribution 
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of {Wc(x, y)+Wd(x, y) } when X is a certain value and the laser beam with the homogeneous phase striking the screen 
vertically, is calculated. 

[0063] Fig. 3 is a view for explaining the interference fringes calculated under the conditions of 0=1 .0°, a=0.2°, and 
P=90°. Note that, NA=0.6 ( X 650nm, t=0.6mm, n=1 .5, r=2mm, and W 11 =-2W 31 /3-W 51 /2 are set. Further, a ring in Fig. 

5 3 corresponds to an aperture of the objective lens. 

[0064] Via the processes that the interference fringes is considered the binary information concerning with lightness 
and darkness (the ration of lightness and darkness is 1:1) and the photomask is produced, and the grating is produced 
on the glass substrate using the produced photomask, the desired diffraction grating can be obtained. 
[0065] Fig. 4A and 4B are views of the configuration of the diffraction grating produced based on the interference 

10 fringes shown in Fig. 3. Fig. 4A is a top view of the diffraction grating 9 and Fig. 4B is a sectional view showing the 
diffraction grating 9 sectioned at line C . 

[0066] In the diffraction grating 9, the groove 9B such as undulating is formed on the glass substrate 9A. The depth 
of the groove 9B is determined based on the ratio of the light intensity between 0th order diffraction beam and +-first 
order diffraction beams. 

15 [0067] The laser beam passed through the diffraction grating 9 produced by the process mentioned above, passing 
through the objective lens, forms three light spots on the optical disk. 

[0068] The 0th order diffraction beam corresponds to the case that the tilt of the optical disk doesn't exist, one of the 
+-first order diffraction beams forms the light spot equivalent to or substantially equivalent to the case that the positive 
tilting angle 0 is exist in the disk radial direction, and another of the +-first order diffraction beams forms the light spot 

20 equivalent to or substantially equivalent to the case that the negative tilting angle (-0) is exist in the disk radial direction. 
[0069] Fig. 5 is a view showing the configuration of the optical pickup comprising the diffraction grating 9. 
[0070] This optical pickup 50 comprises a semiconductor laser 4, a collimator lens 5, a diffraction grating 9, a beam 
splitter 3, an object lens 2, a collecting lens 6, cylindrical lens 7, a photodetector 8, lens holders 2H, a focusing actuator 
2F, a tracking actuator 2T, and a center point sensor 12. 

25 [0071] The objective lens 2 is held by the lens holders 2H. 

[0072] The focusing actuator 2F, based on the driving signal Sfe, transfers the lens holders 2H in the focusing direction 
which is vertical to the recording surface of the optical disk 80, so that it transfers the objective lens 2 In the focusing 
direction to realize the focus servo. 

[0073] The tracking actuator 2T, based on the driving signal Ste, transfers the lens holders 2H In the radial direction 
30 of the optical disk 80, so that it transfers the objective lens 2 in the radial direction of the optical disk 80 to realize the 
tracking servo. Note that, when the eccentricity of (the rotation of) the optical disk 80 is exist, the tracking actuator 80 
transfers the objective lens 2 in response to the eccentricity in the disk radial direction based on the same driving signal 
Ste. 

[0074] The semiconductor laser 4 outputs a linearly polarized laser beam based on the driving signal SL and provides 
35 it for the collimator lens 5. 

[0075] The collimator lens 5 collimates the laser beam from the semiconductor laser 4 and provided it for the diffrac- 
tion grating 9. 

[0076] The diffraction grating 9 divides the laser beam from the collimator lens 5 into the main laser beam including 
0th order diffraction beam and the first and second sub laser beams including +-first order diffraction beams and pro- 
40 vides these laser beams (the main laser beam and the first and second sub laser beams) for the beam splitter 3. 

[0077] The beam splitter 3 passes through the laser beams from the diffraction grating 9 and provides them for the 
objective lens 2. 

[0078] The objective lens 2 collects the laser beams from the beam splitter 3 and provides them for the track of the 
optical disk 80 forming lands and/or grooves. The optical disk 80, on which the track guide grooves are formed, is, for 
45 example, a compact disc (CD), a digital video disk (DVD), a phase change type optical disk (PD) and so on. 

[0079] Further, the objective lens 2 returns the laser beams reflected at the optical disk 80 to the beam splitter 3. 
[0080] The beam splitter 3, to which the laser beams from the objective lens 2 are exposed, reflects and outputs the 
exposed laser beams and provides them for the collecting lens 6. 

[0081] The collecting lens 6 collects the laser beams from the beam splitter 3 and provides them for the cylinder- 
so shaped lens (cylindrical lens) 7. 

[0082] The cylindrical lens 7 makes the iaser beams from the collecting lens 6 pass through and provides them for 
the photodetector 8. 

[0083] The photodetector 8 receives the laser beams from the cylindrical lens 7 at the light receiving portion and 
generates output signals SAu, SAd, SBu, SBd, and SC-SF. 
55 [0084] The center point sensor 12 is a position sensor, by detecting the quantity of the movement or the quantity of 
the change of the lens holders 2H in the disk radial direction, detects the quantity of the movement or the quantity of 
the change of the objective lens 2, and generates the detection signal SR indicating said detected quantity of the 
movement or said detected quantity of the change detected. 
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[0085] Fig. 6 is a view showing the configuration of the light receiving portion of the photodetector 8 shown in Fig, 5. 
[0086] The photodetector 8 comprises a main light receiving portion 8S0 and the first and second sub light receiving 
portions 8S1 and 8S2. Each of the light receiving portions 8S0-8S2 is divided in the direction in response to the track 
direction of the optical disk 80 and is divided as the push-pull signals in the disk radial direction or any signals in 

5 response to the push-pull signals are detectable. 

[0087] The main light receiving portion 8S0 is divided into four of the same or approximately same parts by the two 
dividing lines BSxO, 8SyO crossing at right angle and comprises four division areas 8Au, BAd, 8Bu, 8Bd. In the main 
light receiving portion 8S0 shown in Fig. 6, the main light spot MS is formed by (the reflected light of) the main laser 
beam from the cylindrical lens 7. 

10 [0088] The division area 8Au generates the output signal SAu in response to the light quantity (the reflected light 
quantity) of the main laser beam provided for the area 8Au. 

[0089] The division area 8Ad generates the output signal SAd in response to the light quantity of the main laser beam 
provided for the area BAd. 

[0090] The division area 8Bu generates the output signal SBu in response to the light quantity of the main laser beam 
15 provided for the area SBu. 

[0091 ] The division area 8Bd generates the output signal SBd in response to the light quantity of the main laser beam 
provided for the area 8Bd. 

[0092] The direction of the optical axis of the cylindrical lens 7 is at an angle of about 45° or about 135° to the direction 
or the dividing line 8SxO or the dividing line 8SyO of the main light receiving portion 8S0. The dividing line 8SyO (or the 
20 dividing line 8SxO) of the main light receiving portion 8S0 for which the main laser beam reflected at the optical disk 
80 is provided is parallel or approximately parallel to the track direction of the optical disk 80, and divides the main 
light receiving portion 8S0 into two of the same or approximately same parts. 

[0093] The cross point of the dividing lines 8SxO and 8Sy0 is in the center part or in the approximately center part 
of the main laser beam passing through the cylindrical lens 7. 

25 [0094] The shape of the light spot MS formed at the main light receiving portion 8S0 changes diagonally in accordance 
with the distance between the optical disk 80 and the objective lens 2, so that the focus eccentricity at the optical disk 
80 is detectable based on the output signals SAu, SAd, SBu, and SBd generated by the division areas 8Au, 8Ad, 8Bu 
and 8Bd using the astigmatic method. Note that, the angle defined by the line formed by the centers of the light receiving 
portions 8S0-8S2 and the dividing line 8Sy0 corresponds to said direction p. 

30 [0095] The first sub light receiving portion 8S1 is divided two of the same or approximately same parts by the dividing 
line 8Syl and comprises two division areas 8C, 8D. in the first sub light receiving portion 8S1 show in Fig. 6, the sub 
light spot SS1 is formed by (the reflected light of) the first sub laser beam from the cylindrical lens 7. 
[0096] The division area 8C generates the output signal SC in response to the light quantity (the reflected light 
quantity) of the sub laser beam provided for the area 8C. The division area 8D generates the output signal SD in 

35 response to the light quantity (the reflected light quantity) of the sub laser beam provided for the area 8D. 

[0097] The center part of the first sub light receiving portion 8S1 is in the center or approximately center of the first 
sub iaser beam passing through the cylindrical lens 7. 

[0098] The second sub light receiving portion 8S2 is divided two of the same or approximately same parts by the 
dividing line 8Sy2 and comprises two division areas 8E, 8F. In the first sub light receiving portion 8S1 show in Fig. 6, 

40 the sub light spot SS2 is formed by (the reflected light of) the second sub laser beam from the cylindrical lens 7. 

[0099] The division area 8E generates the output signal SE in response to the light quantity (the reflected light quan- 
tity) of the sub laser beam provided for the area 8E. The division area 8F generates the output signal SF in response 
to the light quantity (the reflected light quantity) of the sub laser beam provided for the area 8F. 
[0100] The center part of the second sub light receiving portion 8S2 is in the center or approximately center of the 

45 second sub laser beam passing through the cylindrical lens 7. The dividing lines 8SyO-8Sy42 are parallel or approxi- 
mately parallel each other. 

[0101] Fig. 7 is a view for explaining the arrangement of the light spots on the recording side of the optical disk. 
[0102] On the recording side of the optical disk 80, the land LA and the groove GR are formed and the groove GR 
forms a track guide groove. 

so [0103] On the recording side of the optical disk 80, the main light spot MB by the main laser beam having a large 
quantity of light and the first and second sub light spots L1 and L2 by the first and second sub laser beam having a 
small quantity of light are formed. 

[0104] The first sub light spot L1 comprises the spot L10 corresponding to the mainrobe and the spot L11 corre- 
sponding to the siderobe. 

55 [0105] The second sub light spot L2 comprises the spot L20 corresponding to the mainrobe and the spot L21 cor- 
responding to the siderobe. 

[0106] The main laser beam is reflected at the main light spot MB and provided for the main light receiving portion 
8S0 of the photodetector 8. 
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[0107] The first sub laser beam is reflected at the first sub light spot L1 and provided for the first sub light receiving 
portion BS1 of the photodetector 8. The center of the sub laser beam reflected at the spot L1 is in the center or ap- 
proximately center of the first sub light receiving portion 8S1 . 

[01 08] The second sub laser beam is reflected at the second sub light spot L2 and provided for the second sub light 
5 receiving portion 8S2 of the photodetector 8. The center of the sub laser beam reflected at the spot L2 is in the center 
or approximately center of the second sub light receiving portion 8S2. 

[01 09] The light receiving portion 8S0-8S2 of the photodetector 8 have the configuration which can detects the push- 
pull signals in the disk radial direction by the dividing lines 8SyO-8Sy2. 

[0110] The position of two of the sub light spots L1 and L2 on the recording surface of the optical disk 80 are, 
10 preferably, when the main light spot MB is on the track (for example, when the center part of the main light spot MB is 
in the center part of the track), at the position that when one of the push-pull signals (SC-SD, SE-SF) is the maximum 
value, another of the push-pull signals becomes the minimum value. 

[0111] The distances from the main light spot MB to two of the sub light spots L1 and L2 on the optical disk 80 are 
same and determined by the angle a mentioned above. 
15 [0112] Further, when the two sub light spots L1 and L2 are at the desired positions, the direction p Is formed as the 
phase distribution, which are equal to or approximately equal to the phase distribution generated to the two sub light 
spots L1 and L2 by the tilt of the disk substrate in the disk radial direction, are given. 

[01 13] Namely, the distances D12 from the center part of the main light spot MB to the center parts of the two sub 
light spots L1 and L2 in the disk radial direction is expressed in the next equation (5) by using the pitch Tp of the 
20 grooves GR (or the track pitch) and an integer n of 0 or more. 

D12 = (n/2 + 1 /4)Tp (5) 

25 [01 14] Especially, in the case the land groove configuration whose ratio of the width of the land LA and groove GR 
is 1 :1 , the center parts of the sub light spots L1 and L2 are arranged at the boundary or the approximately boundary 
between the land LA and the groove GR. 

[0115] The tilt error signal TS indicating the tilt of the optical disk 80 can be obtained from the sum (PP1+PP2) of 
the push-pull signals PP1 and PP2 obtained from the output signals of the first and second sub light receiving part 
30 8S2, 8S2 shown in Fig. 6. 

[0116] The push-pull signal of first sub laser beam is PP1=SC-SD, the push-pull signal of the second sub laser beam 
is PP2=SE-SF, and the tilting error signal is expressed by the next equation (6). 



35 TS = (SC-SD) + (SE-SF) 

= PP1 + PP2 . . . (6) 

40 [01 17] Note that, the push-pull signal PPO obtained from the output signal of the main light receiving portion 8S0 is 
PP0=SAu+SAd-SBu-SBd and useable as the tracking error signal TE. 

[01 18] Fig. 8 is a view for explaining the relationship between the tilt error signal TS and the tilting angle. 
[0119] Here, the values of each parameters are like this 0=0.75°, NA=0.6, X=405nm, t=0.6mm and Tp=0.7u.m. 
[0120] As shown in Fig. 8, the tilt error signal TS becomes 0 when the tilting angle in the disk radial direction is 0° 
^5 and has a typical linearity. Further its sign is inversed in response to the sign of the tilting angle and desired charac- 
teristics are obtained. 

[0121] Fig. 9 is a view for explaining the relationships between the tilt error signal TS and the tilting angle in the 
cases the tracking error exists (detrack state) and non-exists (on track state). 
[0122] The black circles indicate the case the quantity of the detrack is 0. 
50 [0123] The black triangles indicate the case the quantity of the detrack is 10% and the case the tracking error of 
about 1 0% of the size of the sub light spot occurs. 

[0124] The black squares indicate the case the quantity of the detrack is -10% and the case the tracking error of 
about -1 0% of the size of the sub light spot occurs. 

[0125] As shown in Fig. 9, In the tilt error signal TS, when the 10% of detrack occurs, the tilting angle in the disk 
55 radial direction changes about 0.05°, the ratio of the change is small, and the desired characteristic is obtained. 

[01 26] Fig. 1 0 is a block diagram showing the configuration of an embodiment of the optical disk apparatus comprising 
the optical pickup shown in Fig. 5. 

[0127] This optical disk apparatus 90 comprises a motor 30, a motor driving circuit 35, a tilt correcting portion 36, a 
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compensation circuit 40, an amplifier 42, an optical pickup 50, an amplifier (head amplifier) 52, a laser driving circuit 
55, a signal generation circuit 60, an information detection circuit 65, a tilt detection circuit 66, and a control circuit 70. 
This optical disk apparatus 90 reproduces the recording information recorded on the optical disk 80. 
[0128] Further, the optical disk apparatus 90 comprises an tilt detection apparatus 95. This tilt detection apparatus 
s 95 comprises the compensation circuit 40, amplifier 42, the optical pickup 50, the amplifier 52, the laser driving circuit 
55, the signal generation circuit 60, the information detection circuit 65, the tilt detection circuit 66, and the control 
circuit 70. 

[0129] The control circuit 70 is a controller engaged in the controlling the whole of the optical disk apparatus 90 and 
includes, for example, a microcomputer. 
w [0130] This control circuit 70 controls the motor 30, the motor driving circuit 35, the laser driving circuit 55, the optical 
pickup 50, the compensation circuit 40, the information detection circuit 65, the tilt detection circuit 66 and so on. 
[0131] The optical pickup 50 exposes the laser beam LB to the reproducing point of the optical disk 80 when repro- 
ducing. 

[01 32] The laser driving circuit 55 generates a driving signal SL under the control of the control circuit 70 and drives 
15 the semiconductor laser 4 in the optical pickup 50 by the driving signal to make the semiconductor laser 4 expose the 
laser beam LB. 

[0133] The motor 30 is, for example, a spindle motor and rotates the optical disk 80 at the predetermined rotation 
velocity. This motor 30 rotates the optical disk 80 ,for example, as the linear velocity becomes constant, speed. 
[0134] The motor driving circuit 35 provides the driving power for the motor 30 to drive the motor 30. This motor 
20 driving circuit 35 may controls the rotation of the motor 30 by the PWM (Pulse Width Modulation) control and may 
controls it by the PLL (Phase Locked Loop) control. 

[0135] The amplifier 52 amplifies each of the output signals SAu, SAd, SBu and SC-SF from the light receiving 
portions of the photodetector 8 comprised the optical pickup 50 to provide them for the signal generation circuit 60. 
[01 36] The signal generation circuit 60 generates a reproducing signal RFO in response to the quantity of the reflected 
25 beam of the main laser beam, the push-pull signals PP1 and PP2 of the first and second sub laser beams, the focus 
error signal FE, and the tracking error signal TE based on the amplified output signals SAu, SAd, SBu, SBd, and SC- 
SF from the amplifier 52. 

[01 37] The signal generation circuit 60 generates the reproducing signal RFO (=SAu+SAd+SBu+SBd) based on the 
sum of the output signals SAu, SAd, SBu, and SBd from the amplifier 52. 
30 [0138] Further, it generates the push-pull signal PP1 (=SC-SD) based on the differences of the output signals SC 
and SD from the amplifier 52. 

[0139] Further, it generates the push-pull signal PP1 (=SE-SF) based on the differences of the output signals SE 
and SF from the amplifier 52. 

[0140] Further, the signal generation circuit 60 generates the focus error signal FE (=SAu+SBd-SAd-SBu) by the 
35 astigmatic method, for example, based on the difference of the output signals SAu, SAd, SBu, and SBd in the diagonal 
direction. 

[0141] Note that, the signal generation circuit 60 generates the push-puli signal PPO (=SAu+SAd-SBd-SBu) of the 
main laser beam and makes the push-pull signal PPO the tracking error signal TE. 

[01 42] the compensation circuit 40 compensates the focus error signal FE and the tracking error signal TE (the phase 
40 compensation and/or the frequency compensation) to generate a compensation signal and provided the compensation 
signal for the amplifier 42. 

[01 43] The amplifier 42 amplifies the compensation signal of the focus error signal FE to generates the driving signal 
Sfe and provides it for the focusing actuator 2F in the optical pickup 50. 

[0144] Further, the amplifier 42 amplifies the compensation signal of the tracking error signal TE to generates the 

45 driving signal Ste and provides it for the tracking actuator 2T in the optical pickup 50. 

[0145] The tilt detection circuit 66 detects the tilt or the tilting angle based on the sum of the push-pull signals PP1 
and PP2. Concretely, it generates a tilt error signal TS (=PP1+PP2) corresponding to the tilt angle based on the sum 
of the push-pull signals PP1 and PP2 and it provides the tilt error signal TS for the control circuit 70. 
[0146] The information detection circuit 65 is provided the reproducing signal RFO from the signal generation circuit 

so 60, carries out the demodulation of the reproducing signal RFO and so on, and outputs the reproduced recording 
information as an output signal So. 

[0147] Further, the information detection circuit 65 detects an address of the optical disk 80 from the reproducing 
signal RFO and reproduces the recording information based on the address. 

[01 48] The control circuit 70 generates a cross track signal CT (=PP1 -PP2) based on the push-pull signals PP1 and 
55 PP2 and detects whether the position of the light spot of the main laser beam is on the track or not based on the signal 
CT. The cross track signal CT is referred, for example, when the light spot cross the track as seeking. 
[0149] The tilt correcting portion 36 corrects the tilt of the optical disk 80. For example, the control circuit 70 controls 
the tilt correcting portion 36 based on the tilt error signal TS by the close loop control. The tilt correcting portion 36 
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corrects the tilt under the control of the control circuit 70 so that the tilt error signal TS becomes 0. 

[0150] Fig. 11 is a flow-chart showing the detection method for detecting the tilt in the radial direction or the optical 

disk 80 in the tilt detection apparatus 95 of the optical disk apparatus 90. 

[01 51 J First, in the step S111, the diffraction grating 9 of the optical pickup 50 diffracts the laser beam from the 
s semiconductor laser 4 to generate the main laser beam including the Oth order diffraction beam and first and second 
sub laser beams each including +-first diffraction beams. 

[0152] The first ane second sub laser beams have a phase distribution equal to or substantially equal to the phase 
distribution due to the wave front aberration generated on the optical disk 80 when the optical disk 60 is tilted. 
[0153] These laser beams ( the main laser beam and the first and second sub laser beams) is provided for the 

10 objective lone 2 passing through the beam splitter 3. 

[01 54] In the step S1 1 2, the objective lens 2 collects laser beams (the main laser beam and the first and second sub 
laser beams) from the diffraction grating 9 to provide them to the optical disk 80 to expose the laser beams on the 
optical disk 80. The objective Iens2 collects the main laser beam to expose the track of the optical disk 80. 
[01 55] The main laser beam collected by the objective Iens2 are reflected at the optical disk 80, passes through the 

15 objective lens 2 again, and are provided the photodetector 8 passing through the beam splitter 3, the collecting lens 
6, and the cylindrical lens 7. 

[0156] In the step S113, the photodetector 8 receives the main laser beam and the first and second laser beam 
reflected at the optical disk 80 at the light receiving portions 8S0-8S2 to generate the output signals SAu, SAd, SBu, 
SBd ( and SC-SF. Theses output signals are provided for the signal generation circuit 60 via the amplifier (head amplifier) 
20 52. 

[0157] In the step S114, the signal generation circuit 60 generates the reproducing signal RF in response to the 
quantity of the reflected main laser beam, the push-pull signals PP1 and PP2 of the first and second sub laser beams 
based on the output signals SAu, SAd, SBu, SBd, and SC-SF. Note that, the reproducing signal RF0 is provided for 
the information detection circuit 65 and the recording information is extracted. 
25 [01 58] In the step S1 1 5, the tilt detection circuit 66 detects the tilt or the tilting angle of the optical disk 60 based on 
the sum of the push-pull signals pp1 and PP2 of the first and second sub laser beams. Concretely, based on the sum 
of the push-pull signals PP1 and PP2, it generates the tilt error signal TS (=PP1+PP2) in response to the tilting angle 
of the optical disk 80. 

[0159] The method for detecting the tilt of the optical disk as mentioned above is effective when the eccentricity of 
30 the optical disk is small. 

[0160] When the eccentricity of the optical disk is large, the objective Iens2 is transferred in the disk radial direction 
in response to the eccentricity, the light spot on the light receiving portion is moved, and the offset occurs on the tilt 
error signal TS in response to the eccentricity. 

[0161] For the above reason, it is preferable to remove the offset due to the eccentricity from the tilt error signal TS. 
35 [0162] To remove the offset due to the eccentricity from the tilt error signal TS, another diffraction grating is added 
to the optical pickup 50. And predetermined operation is carried out using the diffraction beams generated by the added 
diffraction grating. 

[0163] Fig. 12 is a view of the configuration of the optical pickup 51 formed by adding the diffraction grating 11 to the 
optical pickup 50. 

40 [0164] Further, in the optical pickup 51 shown in Fig. 12, the same portions as the optical pickup 50 shown in Fig. 5 
are given the same references and the explanation of them are suitably omitted. 

[0165] This optical pickup 51 comprises a semiconductor laser 4, a collimator lens 5, a diffraction grating 9, a dif- 
fraction grating 11 , a beam splitter 3, an object lens 2, a collecting lens 6, cylindrical lens 7, a photodetector 18, lens 
holders 2H, a focusing actuator 2F and a tracking actuator 2T. 
45 [01 66] The semiconductor laser 4 outputs a linearly polarized laser beam based on the driving signal SL and provides 
it for the collimator lens 5. 

[01 67] The collimator lens 5 collimates the laser beam from the semiconductor laser 4 and provided it for the diffrac- 
tion grating 9. 

[0168] The diffraction grating 9 divides the laser beam from the collimator lens 5 into the main laser beam including 
so oth order diffraction beam and the first and second sub laser beams including +-first order diffraction beams and pro- 
vides these laser beams (the main laser beam and the first and second sub laser beams) for the diffraction grating 1 1 . 
[0169] The diffraction grating 11 comprises, for example, a glass substrate on which straight and parallel grooves 
are formed and diffracts the laser beams from the diffraction grating 9. And then, it generates Oth order diffraction beam 
and +-first order diffraction beams of each of the laser beams to provide them for the beam splitter 3. 
55 [0170] Concretely, the diffraction grating 11 generates a main laser diffraction beam which is a Oth order diffraction 
beam of the main laser beam from the diffraction grating 9 and third and forth sub laser diffraction beams which are 
♦-first order diffraction beams of the main laser beam. 

[0171] Further, the diffraction grating 11 generates a first sub laser diffraction beam which is a Oth order diffraction 
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beam of the first sub laser beam from the diffraction grating 9 and -i— first diffraction beams of the first sub laser beam. 
[01 72] Further, the diffraction grating 1 1 generates a second sub laser diffraction beam which is a 0th order diffraction 
beam of the second sub laser beam from the diffraction grating 9 and +-first diffraction beams of the second sub laser 
beam. 

5 [0173] Further, the light intensities of the +-first diffraction beams of the first and second sub laser beams are as 
small as to ignore them in comparison with the main laser diffraction beam and the third and forth sub laser diffraction 
beams. 

[01 74] The beam splitter 3 passes through the laser beams from the diffraction grating 9 and 1 1 and provides them 
for the objective lens 2. 

10 [0175] The objective lens 2 collects the laser beams from the beam splitter 3 and provides them for the optical disk 
80 formed lands and/or grooves. 

[0176] Further, the objective lens 2 returns the laser beams reflected at the optical disk 80 to the beam splitter 3. 
[0177] The beam splitter 3, to which the laser beams from the objective lens 2 are exposed, reflects and outputs the 
exposed laser beams and provides them for the collecting lens 6. 
15 [0178] The collecting lens 6 collects the laser beams from the beam splitter 3 and provides them for the cylinder- 
shaped lens (cylindrical lens) 7. 

[0179] The cylindrical lens 7 passes through the laser beams from the collecting lens 6 and provides them for the 
photodetector 1 8. 

[01 80] The photodetector 1 8 receives the laser beams (the main laser diffraction beam and the first to forth sub laser 
20 diffraction beams) from the cylindrical lens 7 at the light receiving portion and generates output signals SAu, SAd, SBu, 
SBd, and SC-SJ. 

[0181] Fig. 13 is a view showing the configuration of the light receiving portion of the photodetector 18 shown in Fig. 
12. 

[0182] The photodetector 18 comprises a main light receiving portion 8S0 and the first and forth sub light receiving 
25 portions 8S1-8S4. Each of the light receiving portions 8S0-8S4 is divided in the direction in response to the track 
direction of the optical disk 80 as the push-pull signals in the disk radial direction or any signals in response to the 
push-pull signals are detectable. 

[0183] The main light receiving portion 8S0 is divided into four of the same or approximately same parts by the two 
division lines 8Sx0, 8SyO crossing at right angle and comprises four division areas 8Au, 8Ad, 8Bu, 8Bd. In the main 
30 light receiving portion 8S0 shown in Fig. 13, the main light spot MS is formed by (the reflected light of) the main laser 
beam from the cylindrical lens 7. 

[0184] The division area 8Au generates the output signal SAu in response to the light quantity (the reflected light 
quantity) of the main laser beam provided for the area 8Au. 

[01 85] The division area 8Ad generates the output signal SAd in response to the light quantity of the main laser beam 
35 provided for the area 8Ad. 

[01 86] The division area 8Bu generates the output signal SBu in response to the light quantity of the main laser beam 
provided for the area 8Bu. 

[01 87] The division area 8Bd generates the output signal SBd in response to the light quantity of the main laser beam 
provided for the area 8Bd. 

40 [01 88] The direction of the optical axis of the cylindrical lens 7 is at an angle of about 45° or about 1 35° to the direction 
of the division line 8SxO or the division line 8SyO of the main light receiving portion 8S0. The division line 8SyO (or the 
division line 8SxO) of the main light receiving portion 8S0 for which the main laser diffraction beam reflected at the 
optical disk 80 is provided is parallel or approximately parallel to the track direction of the optical disk 80, and divides 
the main light receiving portion 8S0 into two of the same or approximately same parts. 

45 [0189] The cross point of the division lines 8Sx0 and 8Sy0 is in the center part or in the approximately center part 
of the main laser diffraction beam passing through the cylindrical lens 7. 

[01 90] The shape of the light spot MS formed at the main light receiving portion 8S0 changes diagonally in accordance 
with the distance between the optical disk 80 and the objective (ens 2, so that the focus eccentricity at the optical disk 
80 is detectable based on the output signals SAu, SAd, SBu, and SBd generated by the division areas 8Au, 8Ad, 8Bu 
50 and 8Bd using the astigmatic method. Note that, the angle defined by the line formed by the light receiving portions 
8S0-8S2 and the division line 8SyO corresponds to said direction p. 

[01 91 ] The first sub light receiving portion 8S1 is divided two of the same or approximately same parts by the division 
line 8Sy1 and comprises two division areas 8C, 8D. In the first sub light receiving portion 8S1 shown in Fig. 13, the 
sub light spot SS1 is formed by the first sub laser diffraction beam from the cylindrical lens 7. 
55 [0192] The division area 8C generates the output signal SC in response to the light quantity (the reflected light 
quantity) of the sub laser diffraction beam provided for the area 8C. The division area 8D generates the output signal 
SD in response to the light quantity (the reflected light quantity) of the sub laser diffraction beam provided for the area 8D. 
[0193] The center part of the first sub light receiving portion 8S1 is in the center or approximately center of the first 
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sub laser diffraction beam passing through the cylindrical lens 7. 

[0194] The second sub light receiving portion 8S2 is divided two of the same or approximately same parts by the 
division line BSy2 and comprises two division areas 8E, 8F. In the second sub light receiving portion 8S2 show in Fig. 
13, the sub light spot SS2 is formed by (the reflected light of) the second sub laser diffraction beam from the cylindrical 
5 lens 7. 

[0195] The division area 8E generates the output signal SE in response to the light quantity (the reflected light quan- 
tity) of the sub laser diffraction beam provided for the area 8E. The division area BF generates the output signal SF in 
response to the light quantity (the reflected light quantity) of the sub laser diffraction beam provided for the area 8F. 
[0196] The center part of the second sub light receiving portion 8S2 is in the center or approximately center of the 

10 second sub laser diffraction beam passing through the cylindrical lens 7. 

[0197] The third sub light receiving portion 8S3 is divided two of the same or approximately same parts by the division 
line 8Sy3 and comprises two division areas 8G, 8H. In the third sub light receiving portion 8S3 show in Fig. 13, the 
sub light spot SS3 is formed by (the reflected light of) the third sub laser diffraction beam from the cylindrical lens 7. 
[0198] The division area 8G generates the output signal SG in response to the light quantity (the reflected light 

15 quantity) of the sub laser diffraction beam provided for the area 8G. The division area 8H generates the output signal 
SH in response to the light quantity (the reflected light quantity) of the sub laser diffraction beam provided for the area 
8G. 

[0199] The center part of the third sub light receiving portion 8S3 is in the center or approximately center of the third 
sub laser diffraction beam passing through the cylindrical lens 7. 

20 [0200] The forth sub light receiving portion 8S4 is divided two of the same or approximately same parts by the division 
line 8Sy4 and comprises two division areas 81, 8J. In the forth sub light receiving portion 8S4 show in Fig. 13, the sub 
light spot SS4 is formed by (the reflected light of) the forth sub laser diffraction beam from the cylindrical lens 7. 
[0201] The division area 81 generates the output signal SI In response to the light quantity (the reflected light quantity) 
of the sub laser diffraction beam provided for the area 81 . The division area 8 J generates the output signal S J in response 

25 to the light quantity (the reflected light quantity) of the sub laser diffraction beam provided for the area 8J. 

[0202] The center part of the forth sub light receiving portion 8S4 is in the center or approximately center of the forth 
sub laser diffraction beam passing through the cylindrical lens 7. The division lines 8SyO-8Sy4 are parallel or approx- 
imately parallel each other. 

[0203] Fig. 1 6 is a view for explaining the arrangement of the light spots on the recording side of the optical disk. 
30 [0204] On the recording side of the optical disk 80, the land LA and the groove GR are formed and the groove GR 
forms a track guide groove. 

[0205] On the recording side of the optical disk 80, the main light spot MB by the main laser diffraction beam having 
a large quantity of light and the first to forth sub light spot L1-L4 by the first to forth sub laser diffraction beams having 
a small quantity of light are formed. 
35 [0206] The first sub light spot L1 comprises the spot L10 corresponding to the mainrobe and the spot L11 corre- 
sponding to the siderobe. 

[0207] The second sub light spot L2 comprises the spot L20 corresponding to the mainrobe and the spot L21 cor- 
responding to the siderobe. 

[0208] The main laser diffraction beam is reflected at the main light spat MS and provided for the main light receiving 
40 portion 8S0 of the photodetector 1 8. 

[0209] The first sub laser diffraction beam is reflected at the first sub light spot L1 and provided for the first sub light 
receiving portion 8S1 of the photodetector 18. The center of the sub laser diffraction beam reflected at the spot L1 is 
in the center or approximately center of the first sub light receiving portion 8S1 . 

[021 0] The second sub laser diffraction beam is reflected at the second sub light spot L2 and provided for the second 
45 sub light receiving portion 8S2 of the photodetector 18. The center of the sub laser diffraction beam reflected at the 
spot L2 is in the center or approximately center of the second sub light receiving portion 8S2. 

[0211] The third sub laser diffraction beam is reflected at the third sub light spot L3 and provided for the third sub 
light receiving portion 8S3 of the photodetector 18. The center of the sub laser diffraction beam reflected at the spot 
L3 is in the center or approximately center of the third sub light receiving portion 8S3. 
so [0212] The forth sub laser diffraction beam is reflected at the forth sub light spot L4 and provided for the forth sub 
light receiving portion 8S4 of the photodetector 18. The center of the sub laser diffraction beam reflected at the spot 
L4 is in the center or approximately center of the forth sub light receiving portion 8S4. 

[0213] The light receiving portion 8S0-8S4 of the photodetector 18 have the configuration which can detects the 
push-pull signals in the disk radial direction by the division lines 8SyO-8Sy4. 
55 [0214] The distances from the main light spot MB to two of the sub light spots L1 and L2 on the optical disk 80 are 
same and determined by the angle a mentioned above. 

[0215] Further, when the two sub light spots L1 and L2 are at the desired positions, the direction (3 is formed as the 
phase distribution, which are equal to or approximately equal to the phase distribution generated to the two sub light 
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55 



spots L1 and L2 by the tilt of the disk substrate in the disk radial direction, are given. 

[0216] Namely, the distances D12 from the center part of the main light spot MB to the center parts of the two sub 
light spots L1 and L2 in the disk radial direction is expressed in the equation (5) mentioned above by using the pitch 
Tp of the grooves GR and an integer n of 0 or more. 

[0217] Further, the distances D34 from the center part of the main light spot MB to the center parts of the two sub 
light spot L3, L4 in the disk radial direction is expressed in the next equation (7) by using the pitch Tp of the grooves 
GR and an integer m of 0 or more. 

D34= (m+ 1 /2)Tp (7) 



[0218] Especially, in the case the land groove configuration whose ratio of the width of the land LA and groove GR 
is 1 : 1 , the center parts of the sub light spots L1 and L2 are arranged at the center or approximately center of the groove 
GR. 

15 [0219] The eccentricity signal RO in response to the eccentricity of the optical disk 80 is calculated by the next 
equation (8) based on the push-pull signal PP0 of the main laser diffraction beam and the push-pull signals PP3 and 
PP4 of the third and forth sub laser diffraction beams. 

20 RO=SAu+SAd-SBu-SBd + k (SG-SH+SI-SJ) 

«PP0 + 1c (PP3 + PP4) ... (8) 

25 [0220] In the above equation (8), by correcting the difference of the light intensity between the main spot MS of the 
main light receiving portion 8S0 and the sub spots SS3 and SS4 of the sub light receiving portion 8S3 and 8S4 by a 
coefficient k, the eccentricity signal RO can be detected because the polarity between the push-pull element PPO and 
the push-pull element PP3 and PP4 is opposite. This correction coefficient k is expressed by the next equation (9). 



k = (SAu+SAd+SBia+SBd) / ( SG+SH+SI+S J) 

= RF0/ (RF3+RF4) ... (9) 

[0221] Therefore, by subtracting the signal (kOxRO) of the result of the multiplication of the eccentricity signal RO 
and a reasonable coefficient kO from the tilt error signal TS, the tilt error signal TS0 removed the offset due to the 
eccentricity can be obtained. 

[0222] This tilt error signal TS0 is expressed by the next equation (1 0). 

TSO <=* TS - kO XRO 

PPl+PP2-kOX (PP0+MPP3+PP4) ) ... (10) 

[0223] Further, the correction coefficient kO for correcting the light intensity of the main light spot MS and the sub 
light spots SS1 and SS2 is expressed by the next equation (11). 

kO = (SC+SD+SE+SF) / (2 (SAu+SAd+SBu+SBd) ) 

= <RF1+RF2) / (2 x RFO) . . . (XX) 

[0224] Fig. 15 is a view for explaining the relationships between the tilt error signal TS and the tilting angle when the 
both cases the eccentricity exists and doesn't exist in accordance with the Fig. 8 and Fig. 9. 
[0225] The black circles indicate the case the quantity of the eccentricity is 0. 
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[0226] The black squares indicate the case the quantity of the eccentricity is 20%, which is the case the eccentricity 
of about 20% of the size of the objective lens 2 occurs. 

[0227] As shown in Fig. 1 5, even though the eccentricity occurs, the desired characteristic of the tilt error signal TSO 
is obtained. 

s [0228] Fig. 1 6 is a block diagram showing the configuration of an embodiment of the optical disk apparatus comprising 
the optical pickup 51 shown in Fig. 12. 

[0229] Further, in the optical disk apparatus 91 shown in Fig. 16, the same portions as the optical disk apparatus 90 

shown in Fig. 10 are given the same references and the explanation of them are suitably omitted. 

[0230] This optical disk apparatus 91 comprises a motor 30, a motor driving circuit 35, a tilt correcting portion 36, a 

10 compensation circuit 40, an amplifier 42, an optical pickup 51 , an amplifier (head amplifier) 53, a laser driving circuit 
55, a signal generation circuit 60, an information detection circuit 65, a tilt detection circuit 67, and a control circuit 71 . 
[0231] Further, the optical disk apparatus 91 comprises an tilt detection apparatus 96. This tilt detection apparatus 
96 comprises the compensation circuit 40, the amplifier 42, the optical pickup 51 , the amplifier 53, the laser driving 
circuit 55, the signal generation circuit 61 , the information detection circuit 65, the tilt detection circuit 67, and the control 

15 circuit 71. 

[0232] The control circuit 71 is a controller engaged in the controlling the whole of the optical disk apparatus 91 and 
includes, for example, a microcomputer. 

[0233] This control circuit 71 controls the motor 30, the motor driving circuit 35, the laser driving circuit 55, the optical 
pickup 51, the compensation circuit 40, the signal generation circuit 61, the information detection circuit 65, the tilt 
20 detection circuit 67 and so on. 

[0234] The optical pickup 51 exposes the laser beam LB to the reproducing point of the optical disk 80 when repro- 
ducing. 

[0235] The laser driving circuit 55 generates a driving signal SL under the control of the control circuit 71 and drives 
the semiconductor laser 4 in the optical pickup 51 by the driving signal to make the semiconductor laser 4 expose the 
25 laser beam LB. 

[0236] The amplifier 53 amplifies each of the output signals SAu, SAd, SBu, SBd and SC-SJ from the light receiving 
portions of the photodetector 18 comprised the optical pickup 51 to provide them for the signal generation circuit 61 . 
[0237] The signal generation circuit 61 generates a reproducing signal RFO In response to the quantity of the reflected 
beam of the main laser diffraction beam and reproducing signals RF1-RF4 in response to the quantity of the reflected 
30 beams of the first to forth sub laser diffraction beams based on the amplified output signals SAu, SAd, SBu, SBd, and 
SC-SJ from the amplifier 53. 

[0238] Further, the signal generation circuit 61 generates the push-pull signal PPO of the main laser diffraction beam 
and the push-pull signals PP1-PP4 of the first to forth sub laser diffraction signals. 

[0239] Further, the signal generation circuit 61 generates the focus error signal FE and the tracking error signal TE. 
35 [0240] The signal generation circuit 61 generates the reproducing signal RFO (=SAu+SAd+SBu+SBd) based on the 
sum of the output signals SAu, SAd, SBu, and SBd from the amplifier 53. 

[0241] Further, it generates the reproducing signal RF1 (-SC+SD) based on the output signals SC and SD. 
[0242] Further, it generates the reproducing signal RF2 (=SE+SF) based on the output signals SE and SF. 
[0243] Further, it generates the reproducing signal RF3 (=SG+SH) based on the output signals SG and SH. 
40 [0244] Further, it generates the reproducing signal RF4 (=SI+SJ) based on the output signals SI and SJ. 

[0245] Further, the signal generation circuit 61 generates the push-pull signal PPO (=SAu+SAd-SBu-SBd), for ex- 
ample, based on the difference of the output signals SAu, SAd and the output signals SBu, SBd from the amplifier S3. 
[0246] Further, it generates the push-pull signal PP1 (=SC-SD) based on the difference of the output signal SC and 
SD. 

45 [0247] Further, it generates the push-pull signal PP2 (=SE-SF) based on the difference of the output signal SE and SF. 
[0248] Further, it generates the push-pull signal PP3 (=SG-SH) based on the difference of the output signal SG and 
SH. 

[0249] Further, it generates the push-pull signal PP4 (=SI-SJ) based on the difference of the output signal SI and SJ. 
[0250] Further, the signal generation circuit 61 generates the focus error signal FE (=SAu+SBd-SAd-SBu) by the 
50 astigmatic method, for example, based on the difference of the output signals SAu, SAd, SBu, and SBd from the 
amplifier 53 in the diagonal direction. 

[0251] Note that, the signal generation circuit 61 makes the push-pull signal PPO the tracking error signal TE. 
[0252] The tilt detection circuit 67 detects the tilt or the tilting angle based on the sum of the push-pull signals PP1 
and PP2 and the eccentricity element. Concretely, it generates a tilt error signal TSO corresponding to the tilt angle 
55 based on the difference of the sum of the push-pull, signals PP1 and PP2 and the eccentricity signal RO and it provides 
the generated tilt error signal TSO for the control circuit 71 . 

[0253] The information detection circuit 65 is provided the reproducing signal RFO from the signal generation circuit 
61 , carries out the demodulation of the reproducing signal RFO and so on to reproduce the recording information of 
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the optical disk 80, and outputs the reproduced recording information as an output signal So. 

[0254] Further, the information detection circuit 65 detects an address of the optical disk 80 from the reproducing 
signal RFO and reproduces the recording information based on the address. 

[0255] The control circuit 71 generates a cross track signal CT (=PP1 -PP2) based on the push-pull signals PP1 and 
5 PP2 and detects whether the position of the light spot of the main laser beam is on the track or not based on the signal 
CT. The cross track signal CT is referred, for example, when the light spot cross the track as seeking. 
[0256] The tilt correcting portion 36 corrects the tilt of the optical disk 80. For example, the control circuit 71 controls 
the tilt correcting portion 36 based on the tilt error signal TSO by the close loop control. The tilt correcting portion 36 
corrects the tilt under the control of the control circuit 71 so that the tilt error signal TS becomes 0. 
10 [0257] Fig. 1 7 is a flow-chart showing the detection method for detecting the tilt in the radial direction of the optical 
disk 80 in the tilt detection apparatus 96 of the optical disk apparatus 91 . 

[0258] First, in the step S121, the diffraction grating 9 of the optical pickup 51 diffracts the laser beam from the 
semiconductor laser 4 to generate the main laser beam including a Oth order diffraction beam and first and second 
sub laser beams each including first diffraction beams. 
is [0259] Each of the first and second sub laser beams have a phase distribution equal to or substantially equal to the 
phase distribution due to the wave front aberration generated on the optical disk 80 when the optical disk 80 is tilted. 
[0260] These laser beams (the main laser beam and the first and second sub laser beams) are provided for the 
diffraction grating 11. 

[0261] In the step S122, the diffraction grating 11 diffracts the main laser beam from the diffraction grating 9 to 
20 generate the main laser diffraction beam including a Oth order diffraction beam and third and forth sub laser diffraction 
beams each including -4— first diffraction beam. 

[0262] Further, the diffraction grating 1 1 diffracts the first sub laser beam from the diffraction grating 9 to generate 
the first laser diffraction beam including a Oth order diffraction beam and diffracts the second sub laser beam from the 
diffraction grating 9 to generate the second laser diffraction beam including a Oth order diffraction beam. 
25 [0263] These laser beams (the main laser diffraction beam and the first to forth sub laser diffraction beams) are 
provided for the objective lens 2 passing through the beam splitter 3. 

[0264] Note that, each of the first and second sub laser diffraction beam has a phase distribution equal to or approx- 
imately equal to the phase distribution due to the wave front aberration generated on the optical disk 80 when the 
optical disk 80 is tilted. 

30 [0265] In the step S123, the objective lens 2 collects laser beams (the main laser diffraction beam and the first to 
forth sub laser diffraction beams) from the diffraction grating 9 and 1 1 and provides them to the optical disk 80 to expose 
the laser beams on the optical disk 80. The objective lens 2 collects the main laser diffraction beam to expose the track 
of the optical disk 80. 

[0266] The main laser beam collected by the objective lens 2 are reflected at the optical disk 80, passes through the 
35 objective lens 2 again, and are provided for the photodeteotor 18 passing through the beam splitter 3, the collecting 
lens 6, and the cylindrical lens 7. 

[0267] In the step S124, the photodetector 18 receives the main laser diffraction beam and the first to forth laser 
diffraction beams reflected at the optical disk 80 at the light receiving portions 8S0-8S4 to generate the output signals 
SAu, SAd, SBu, SBd, and SC-SJ. Theses output signals are provided for the signal generation circuit 61 via the amplifier 
40 (head amplifier) 53. 

[0268] In the step S125, the signal generation circuit 61 generates the reproducing signals RFO and RF1-RF4 in 
response to the quantities of the reflected main laser diffraction beam and the first to forth sub laser diffraction beams 
based on the output signals SAu, SAd, SBu, SBd and SC-SJ. 

[0269] Further, the signal generation circuit 61 generates the push-pull signals PP0 and PP1 -PP4 of the main laser 

45 diffraction beam and the first to forth sub laser diffraction beams. 

[0270] In the step S1 26, the tilt detection circuit 67 detects the tilt or the tilting angle of the optical disk 80 based on 
the difference of the push-pull signals PP1 and PP2 and the first and second sub laser diffraction beams and the 
eccentricity signal RO. Concretely, the tilt error signal TSO (=PP1+PP2-k0xRO) corresponding to the tilting angle of 
the optical disk 80 is generated based on the difference of the push-pull signals PP1 and PP2 and the eccentricity 

so signal RO. 

[0271] The optical pickup 51 with the configuration as mentioned above can detect the tilt of the optical disk when 
the optical disk is eccentric. 

[0272] Note that, the present invention is not limited to the above embodiments and includes modifications within 
the scope of the claims. 

55 [0273] For example, in the optical pickup 51 , the diffraction grating 9 and the diffraction grating 11 the arrangement 
may be replaced each other. 

[0274] Further, in the tilt detection apparatus 95 shown in Fig. 10, the tilt detection circuit 66 may be formed like that 
it detects the eccentricity signal RQ in response to the eccentricity of the optical disk 80 based on the detection signal 
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SR from the center point sensor 1 2 of the optical pickup 50, generates the tilting error signal TS' based on the difference 
of the sum of the push-pull signals PP1 and PP2 and the eccentricity signal RQ, and provides the tilt error signal TS' 
for the control circuit 70. 

[0275] For example, it extracts the frequency element in response to the rotation period of the optical disk 80 from 
5 the detection signal SR and generates the eccentricity signal RQ based on the extracted frequency element. 

[0276] In this case, the step of generating the eccentricity signal RQ is included in the flow-chart shown in Fig. 11 , 
and in the step S115 the tilt detection circuit 65 detects the tilt or the tilting angle based on the difference of the sum 
of the push-pull signals PP1 and PP2 and the eccentricity signal RQ. 

[0277] As explained above, according to the present invention, the tilt detection apparatus and tilt detection method 
10 detectable the tilt of the optical disk using the diffraction beams, the optical pickup can be applied to the tilt detection 
apparatus, and the optical disk apparatus can be provided. 



Claims 

15 

1 . An optical pickup, comprising: 

a laser for outputting a laser beam; 

a diffraction grating for diffracting the laser beam from said laser to generate a 0th order diffraction beam and 
20 -4— first order diffraction beams which have the phase distribution equal to or substantially equal to the phase 

distribution due to the wave front aberration generated on an optical disk when the optical disk is tilted; 
an objective lens for collecting said 0th order diffraction beam and said first order diffraction beams and 
exposing the beams to the optical disk on which track guide grooves are formed; and 
a photodetector for generating signals corresponding to said +-first order diffraction beams reflected at said 
25 optical disk. 

2. An optical pickup as set forth in claim 1 , wherein; 

said objective lens collects said 0th order diffraction beam and exposes it to the track of said optical disk, and 
30 a distance from the center part of the optical spot of said 0th order diffraction beam to the center part of the 

optical spot of said -i— first order diffraction beams in the disk radial direction is, where n is an integer of 0 or 
more, equal to or approximately equal to a (n/2 4- 1/4) times of the pitch of said track or a track guide groove. 

3. An optical pickup as set forth in claim 1 , wherein; 

35 

said phase distribution of one of said first order diffraction beams is a phase distribution generated when 
the tilting angle of said optical disk is a positive constant angle, and 

said phase distribution of another of said +-first order diffraction beams is a phase distribution generated when 
the tilting angle of said optical disk is a negative constant angle. 

40 

4. An optical pickup as set forth in claim 1 , further comprising; 

an actuator for moving said objective lens in the disk radial direction in response to an eccentricity of said 
optical disk, and 

^5 a position sensor for detecting the quantity of movement or the quantity of change of said objective lens in the 

disk radial direction. 

5. An optical pickup, comprising: 

so a laser for outputting a laser beam; 

a first diffraction grating for diffracting the laser beam from said laser to generate a main laser beam including 
a 0th order diffraction beam and first and second sub laser beams including one of -4— first order diffraction 
beams; 

a second diffraction grating for diffracting said main laser beam to generate a main laser diffraction beam 
55 including a 0th order diffraction beam and third and forth sub laser diffraction beams including one of +-first 

order diffraction beams and diffracting said first and second sub laser beams to generate first and second sub 
laser diffraction beams including a 0th order diffraction beam; 

an objective lens for collecting said main laser diffraction beams and said first to forth sub laser diffraction 
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beams and exposing the beams to an optical disk on which track guide grooves are formed; and 

a photodetector for generating signals in response to said main laser diffraction beams and said first to forth 

sub laser diffraction beams reflected at said optical disk, and wherein 

each of said first and second sub laser diffraction beams exposed to said optical disk has the phase distribution 
5 equal to or substantially equal to the phase distribution due to the wave front aberration generated on said 

optical disk when said optical disk is tilted. 

6. An optical pickup as set forth in claim 5, wherein; 

10 said objective lens collects said main laser diffraction beam and exposes it to the track of said optical disk, and 

a distance from the center part of the optical spot of said main laser diffraction beam to the center part of the 
optical spot of said first and second sub laser diffraction beams in the disk radial direction is, where n is an 
integer of 0 or mere, equal to or approximately equal to a (n/2 + 1/4) times of the pitch of said track or said 
track guide groove. 

15 

7. An optical pickup as set forth in claim 5, wherein 

a distance from the center part of the optical spot of said main laser diffraction beam to the center part of the 
optical spot of said third and forth sub laser diffraction beams in the disk radial direction is, when m is an integer 
of 0 or more, equal to or approximately equal to a (m + V£) times of the pitch of said track or said track guide groove. 

20 

8. An optical pickup as set forth in claim 5, wherein; 

said phase distribution of one of said first or second sub laser diffraction beams is a phase distribution gen- 
erated when the tilting angle of said optical disk is a positive constant angle, and 
25 said phase distribution of another of said first or second sub laser diffraction beams is a phase distribution 

generated when the tilting angle of said optical disk is a negative constant angle. 

9. An optical pickup as set forth in claim 5, wherein said wave front aberration is the coma aberration generated at 
a transparency substrate of said optical disk. 

30 

10. A tilt detection apparatus, comprising: 

a laser for outputting a laser beam; 

a diffraction grating for diffract the laser beam from said laser to generate a 0th order diffraction beam and +- 
35 first order diffraction beams; 

an objective lens for collecting said 0th order diffraction beam and first order diffraction beams and exposing 
the beams to the optical disk on which track guide grooves are formed; 

a generating circuit for generating push-pull signals of said +-first order diffraction beams reflected at said 
optical disk; and 

40 a detection circuit for detecting a tilt of said optical disk based on the sum of the push-pull signals of said +- 

first order diffraction beams, and wherein, wherein 

each of said -h- first order diffraction beams exposed to said optical disk has the phase distribution equal to or 
substantially equal to the phase distribution due to the wave front aberration generated on said optical disk 
when said optical disk is tilted. 



45 



11. A tilt detection apparatus as set forth in claim 10, wherein; 



said objective lens collects said 0th order diffraction beam and exposes it to the track of said optical disk, and 
a distance from the center part of the optical spot of said 0th order diffraction beam to the center part of the 
so optical spot of said +-first order diffraction beams in the disk radial direction is, where n is an integer of 0 or 

more, equal to or approximately equal to a (n/2 + 1/4) times of the pitch of said track or said track guide groove. 

12. A tilt detection apparatus as set forth in claim 10, wherein; 

55 said phase distribution of one of said +-first order diffraction beams is a phase distribution generated when 

the tilting angle of said optical disk is a positive constant angle, and 

said phase distribution of another of said +-first order diffraction beams is a phase distribution generated when 
the tilting angle of said optical disk is a negative constant angle. 
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13. A tilt detection apparatus as set forth in claim 10, further comprising 



a photodetector, and wherein; 

said photodetector comprises light receiving portions for receiving each of said +-first order diffraction beams 
5 reflected at said optical disk, and each of said light receiving portions is divided in the direction in response 

to the track direction on said optical disk, and 

said generating circuit generates the push-pull signals of said +- first order diffraction beams based on the 
output signals from said light receiving portions of said photodetector. 



10 14. A tilt detection apparatus as set forth in claim 10, further comprising: 



an actuator for moving said objective lens in the disk radial direction in response to an eccentricity of said 
optical disk; and 

a position sensor for detecting the quantity of movement or the quantity of change of said objective lens, and 
is wherein 

said detection circuit generates an eccentricity signal in response to the eccentricity of said optical disk based 
on said quantity of movement or the quantity or change detected by said position sensor and detecting a tilt 
of said optical disk based on the deference between the sum of the push-pull signals of said +-first order 
diffraction beams and said eccentricity signal. 

20 

15. A tilt detection apparatus, comprising: 



a laser for outputting a laser beam; 

a first diffraction grating for diffracting the laser beam from said laser to generate a main laser beam including 
25 q oth order diffraction beam and first and second sub laser beams including one of +-first order diffraction 

beams; 

a second diffraction grating for diffracting said main laser beam to generate a main laser diffraction beam 
including a Oth order diffraction beam and third and forth sub laser diffraction beams including one of -f— first 
order diffraction beams and diffracting said first and second sub laser beams to generate first and second sub 

30 laser diffraction beams including a Oth order diffraction beam; 

an objective lens for collecting said main laser diffraction beam and said first to forth sub laser diffraction 
beams and exposing the beams to an optical disk on which track guide grooves are formed; 
a generating circuit for generating push-pull signals of said main laser diffraction beam and said first to forth 
sub laser diffraction beams reflected at said optical disk; and 

35 a detection circuit for generating an eccentricity signal in response to the eccentricity of said optical disk based 

on the push-pull signals of said main laser diffraction beam and said third and forth sub laser diffraction beams 
and detecting a tilt of said optical disk based on the deference between the sum of the push-pull signals of 
said first and second sub laser diffraction beams and said eccentricity signal, and wherein 
each of said first and second sub laser diffraction beams exposed to said optical disk has the phase distribution 

40 equal to or substantially equal to the phase distribution due to the wave front aberration generated on said 

optical disk when said optical disk is tilted. 



16. A tilt detection apparatus as set forth in claim 15, wherein; 



45 said objective lens collects said main laser diffraction beam and exposes it to the track of said optical disk, and 

a distance from the center part of the optical spot of said main laser diffraction beam to the center part of the 
optical spot of said first and second sub laser diffraction beams in the disk radial direction is, where n is an 
integer of 0 or more, equal to or approximately equal to a (n/2 + 1/4) times of the pitch of said track or said 
track guide groove. 

so 

17. A tilt detection apparatus as set forth in claim 1 5, wherein a distance from the center part of the optical spot of said 
main laser diffraction beam to the center part of the optical spot of said third and forth sub laser diffraction beams 
in the disk radial direction is, when m is an integer of 0 or more, equal to or approximately equal to a (m + Vz) times 
of the pitch of said track or said track guide groove. 

55 

18. A tilt detection apparatus as set forth in claim 15, wherein ; 

said phase distribution of one of said first or second sub laser diffraction beams is a phase distribution gen- 
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erated when the tilting angle of said optical disk is a positive constant angle, and 

said phase distribution of another of said first or second sub laser diffraction beams is a phase distribution 
generated when the tilting angle of said optical disk is a negative constant angle. 

5 19. A tilt detection apparatus as set forth in claim 15, further comprising 

a photo detector, and wherein; 

said photodetector comprises light receiving portions for receiving each of said main laser diffraction beam 
and said first to forth sub laser diffraction beams reflected at said optical disk, and each of said light receiving 
10 portions is divided in the direction in response to the track direction on said optical disk, and 

said generating circuit generates the push-pull signals of said main laser diffraction beam and said first to forth 
sub laser diffraction beams based on the output signals from said light receiving portions of said photodetector. 

20. A tilt detection method, comprising the steps of: 

15 

diffracting a laser beam to generate a 0th order diffraction beam and 4-first order diffraction beams and ex- 
posing said generated 0th order diffraction beam and +-first order diffraction beams to an optical disk on which 
the track guide grooves are formed; 

generating push-pull signals of said +-first order diffraction beams reflected at said optical disk; and 
20 detecting the tilt of said optical disk based on the sum of the push-pull signals of said -h- first order diffraction 

beams, and wherein 

each of said -i— first order diffraction beams reflected at said optical disk has the phase distribution equal to or 
substantially equal to the phase distribution due to the wave front aberration generated on said optical disk 
when said optical disk is tilted. 

25 

21 . A tilt detection method as set forth in claim 20, wherein; 

said exposing step has the steps of collecting said 0th order diffraction beam and +-f irst order diffraction beams 
and exposing said 0th order diffraction beam to the track of said optical disk, and 
30 a distance from the center part of the optical spot of said 0th order diffraction beam to the center part of the 

optical spot of said +- first order diffraction beams in the disk radial direction is, where n is an integer of 0 or 
more, equal to or approximately equal to a (n/2 + 1/4) times of the pitch of said track or said track guide groove. 

22. A tilt detection method as set forth in claim 20, wherein; 

35 

said phase distribution of one of said +-first order diffraction beams is a phase distribution generated when 
the tilting angle of said optical disk is a positive constant angle, and 

said phase distribution of another of said +-first order diffraction beams is a phase distribution generated when 
the tilting angle of said optical disk is a negative constant angle. 

40 

23. A tilt detection method as set forth in claim 20, further comprising 

the step of generating an eccentricity signal in response to the eccentricity of said optical disk, and wherein 
said detesting step has a step of detecting the tirt of said optical disk based on the difference between the sum 
45 of the push-pull signals of said +-first order diffraction beams and said eccentricity signal. 

24. A tilt detection method, comprising the steps of: 

diffracting the laser beam to generate a main laser beam including a 0th order diffraction beam and first and 
so second sub laser beams including one of +-first order diffraction beams; 

diffracting said main laser beam to generate a main laser diffraction beam including a 0th order diffraction 
beam and third and forth sub laser diffraction beams including one of +-first order diffraction beams and dif- 
fracting said first and second sub laser beams to generate first and second sub laser diffraction beams including 
a 0th order diffraction beam; 

55 exposing said main laser diffraction beam and said first to forth sub laser diffraction beams to an optical disk 

on which track guide grooves are formed; 

generating push-pull signals of said main laser diffraction beam and said first to forth sub laser diffraction 
beams reflected at said optical disk; and 
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generating an eccentricity signal in response to the eccentricity of said optical disk based on the push-pull 
signals of said main laser diffraction beam and said third and forth sub laser diffraction beams and detecting 
a tilt of said optical disk based on the deference between the sum of the push-pull signals of said first and 
second sub laser diffraction beams and said eccentricity signal, and wherein 
s each of said first and second sub laser diffraction beams exposed to said optical disk has the phase distribution 

equal to or substantially equal to the phase distribution due to the wave front aberration generated on said 
optical disk when said optical disk is tilted. 

25. A tilt detection method as set forth in claim 24, wherein; 

10 

said exposing step has a step of collecting said main laser diffraction beam and said first to forth sub laser 
diffraction beams and exposing said main laser diffraction beams to the track of said optical disk, and 
a distance from the center part of the optical spot of said main laser diffraction beam to the center part of the 
optical spot of said first and second sub laser diffraction beams in the disk radial direction is, where n is an 
15 integer of 0 or more, equal to or approximately equal to a (n/2 + 1/4) times of the pitch of said track or said 

track guide groove. 

26. A tilt detection method as set forth in claim 25, wherein a distance from the center part of the optical spot of said 
main laser diffraction beam to the center part of the optical spot of said third and forth sub laser diffraction beams 

20 in the disk radial direction is, when m is an integer of 0 or more, equal to or approximately equal to a (m + M») times 

of the pitch of said track or said track guide groove. 

27. A tilt detection method as set forth in claim 24, wherein; 

25 said phase distribution of one of said first or second sub laser diffraction beams is a phase distribution gen- 

erated when the tilting angle of said optical disk is a positive constant angle, and 

said phase distribution of another of said first or second sub laser diffraction beams is a phase distribution 
generated when the tilting angle of said optical disk is a negative constant angle. 

30 28. An optical disk apparatus, comprising: 

An optical pickup for diffracting a laser beam from a laser, generating a Oth order diffraction beam and +-first 
order diffraction beams having the phase distribution equal to or approximately equal to the phase distribution 
due to the wave front aberration of an optical disk when the optical disk is tilted, exposing the Oth order dif- 
35 fraction beam and +-first order diffraction beams to the optical disk, and receiving reflected beams of said 

exposed beams from the optical disk to generate signals in response to each of the reflected signals; 
a signal generation circuit for generating push-pull signals of said received reflected beams of at least said +- 
first order diffraction beams; 

a tilt detection circuit for detecting the tilt of the optical disk based on the sum of said generated 
40 push-pull signals of said +-first order diffraction beams; and 

a tilt correction portion for correcting the tilt of the optical disk in response to said detected tilt. 
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